Like all experiments it is important for a setup that allows for repeated testing under controlled conditions. For this reason alone this paper focuses on the testing of nerves within leeches which can be easily duplicated in a small laboratory and with little equipment. Below you will find the background knowledge needed to care for leeches as well as the anatomical understanding required to perform and analyze experiments on leech nerves. This paper provides a detailed explanation of the electrophysiology lab at California Polytechnic State University in San Luis Obispo. The step by step procedures listed here are for the dissection of a leech and the insertion of an electrode into a leech nerve.
It is the knowledge communicated in this paper that allows engineers and scientists to take steps leading to tomorrow's technology. However, before any step is taken the basics must be understood and for this report the basics start with an understanding of leech neurophysiology. Leeches, Hirudinea class, are related to earthworms under the super class
Clitellata. There are several orders and families of distinct leeches. Leeches are distinct mainly by their habitat, size, behavior, and feeding habits [1] . Some classification distinctions and general notes can be found in appendix A.
Leeches have several anatomical layers which are depicted in Figure 1 . The tough outer layer called the cuticle has the main purpose of protection. Directly under the cuticle are the epidermis and dermis. Below these layers, four layers of muscle provide the leech with great maneuverability and elasticity. Within the circular housing of the muscles and dermis layers, four sinuses and the intestine run the length of the leech. Two lateral sinuses provide blood circulation and exhibit a rhythmic pumping fulfilling the same function as the human heart. The ventral sinuses house the nerves and the ganglion nerve junctions [1] . A graphical representation of the cross-section of a leech is found in appendix B.
Nerves are made of many neurons. Nerves branch from within the ganglia and terminate locally. This arrangement gives each ganglion control over a small part of the leech body. Twenty-nine ganglia are dispersed throughout the leech body and work in collaboration. One ganglion is located in the head, seven are in the tail, and 21 are evenly dispersed down the center of the leech [1] .
Inside each ganglion, neurons intersect and interact. Inside the clear, jelly-like ganglion, the neuron junctions form an organized pattern. The consistency of location allows for the mapping of the neurons in leech ganglia [1] . Such a map is found in appendix C and additional notes on ganglia are found in appendix D.
Neurons are made of three main parts. The Soma, which can be seen under a microscope, is the cell body and houses the nucleus. Dendrites branch out from the Soma and receive signals from other neurons. The axon is thin and stretches out over relatively long distances. The end of the Axon not connected to the Soma branches out stimulating other neurons or muscle fibers [2] . Appendix E is a graphical diagram of a nerve.
Nerve Functionality The distinguishable membrane potential pattern or signal resulting from a stimulus is shown in Figure 2 . The frequency of the signal is dependant on the intensity of the stimulus; However, the signal shape and amplitude are independent of the stimulus.
The signal propagates the length of the Axon resulting in the stimulation of other neurons or muscular tissue [3] . To record the membrane potential, an electrode must be inserted into the Soma or Axon. This proves difficult due to the tiny diameters of most axons. allows for the characterization of the electrical properties of the cell [2] , [3] . Figure 3 shows a diagram of this process. The quality of the data is determined by the quality of the laboratory and specimen setup prior to collecting data.
CHAPTER III Laboratory Setup Laboratory Equipment
Selecting the appropriate equipment is highly important and should be customized The dissection of the specimen is best accomplished with a low power microscope, while utilizing a microscope with higher magnification for inserting the pipette into the cell. The dissection of the leech is performed using a dissection microscope with a magnification of 10x -50x. To obtain a detailed view of a ganglion and the nerve cells inside, a high power compound Nikon FN1 microscope setup for dark field imaging is used with a magnification of 250x to 500x. The Nikon microscope is mounted on a Gibraltar table atop a vibration dampening table. The vibration dampening table utilizes air cushioning to limit the vibrations of the specimen, the microscope, and the pipette electrodes. The Nikon microscope mounted to the Gibraltar Table allows for the microscope to move while the specimen remains stationary, this further prevents unnecessary vibrations of the specimen as the microscope position and magnification are adjusted. The Nikon microscope, Gibraltar producing a large series resistance. As either case listed above result in an increased series resistance and antennas, in which the series resistance is close to infinite, are highly conducive to capturing noise; it stands that minimizing the series resistance minimizes noise. Therefore, proper electrode length minimizes the influence of noise.
Test cells, provided by Axon Instrument, are used for training, calibration, and noise detection. Modeling three different methods of measuring bio-potentials, the test cell has four ports. One port acts as a ground or solution contact. The other three ports are "bath", "cell", and "patch". The "bath" simulates an electrode inserted into the liquid bath around the specimen. The "cell" port models the insertion of an electrode through the cell membrane. The "patch" port models an electrode on the surface of a cell which requires a Giga-seal to obtain readings of the membrane potential [8] . This lab setup is modeled using the "cell" port of the test cell. The test cell circuit diagram is appendix J.
Leech Care
Leech USA, LTD provides healthy and sterile leeches. Using sterile leeches, which prevents them from having diseases, is important in the event of a bite on a human.
Along with the leeches, Leech USA, LTD provides a salt mixture used to create Ringer's solution which is an osmotic balanced solution for the leeches to live in. Ringer's solution is created by diluting 2g of the salt mixture with 1 gal of water creating an environment that is healthy for leeches. When the leeches are kept in a refrigerator, the water is changed weekly; otherwise, the water is changed more frequently. Lowering the temperature of the leeches decreases the leeches' metabolism which decreases their activity, decreasing their need to feed. Storing the leeches in a regular refrigerator allows the leeches to survive for 6 -8 months without a feeding. As leeches are very susceptible to temperature shock, the leeches are transferred to water that is already at the same temperature as the water they have been living in. This lab utilizes a Leech Mobile
Home purchased through Leech USA, LTD which provides for easy water changing. A cheaper alternative is glass jars covered with cheese paper. Cheese paper allows for air to circulate through the jar, but does not allow leeches to escape.
To prepare leeches for surgery, they are anesthetized in a small uncovered beaker.
First, the beaker is filled halfway with water at the same temperature as that which the leech has been living in, thus preventing temperature shock. The leeches are then inserted into the beaker. Two teaspoons of ethyl alcohol are then added to the solution. The beaker is allowed to sit at room temperature. This process causes the leech to become more animated moving violently in the confined space and often cause the leech to throw up blood. It is desired to have the leech expel the contents of its stomach as it decreases the amount of blood that must be cleaned up during surgery. After 30 minutes the leech is completely anesthetized and ready for surgery. This state is signified by the leeches' completely limp and non-active body. Completely anesthetized, the leeches are nonresponsive to the pinning process. If the leech does not exhibit these behaviors, the leech is given more time in the alcohol solution.
CHAPTER IV Dissection
Objective and Preparation
The objectives of the leech dissection, for the protocol that was investigated, are to expose and prepare one or more ganglion for the insertion of a pipette electrode into one of the neurons located inside the ganglion. Inserting an electrode into a ganglion and recording data takes time; therefore, the leech must be prepared in such a way that the ganglion will continue to be a viable test subject for the entirety of the tests. Appendix K is pictures of exposed ganglia.
The instruments for the dissection include a pair of scissors, two forceps, a microscope, six pins, and a pinning tray. In the CalPoly laboratory, this process is completed under a dissection microscope with magnification between 10X and 50X. The leech is first prepared on a Petri dish.
The specimen is mounted on a Petri dish filled with Sylgard. Sylgard's elastic properties cause holes, created while pinning specimens, to automatically close. White wax is a good alternative. The wax is first melted and then pored into the dish creating an even surface. A simple lighter is used to re-melt the wax filling in holes created while pinning down the specimen. Small pins are used to pin down the leech. Micro-pins are used to pin the ganglion once removed from the leech. Micro-pins are purchased from Fine Science Tools and have a thickness similar to human hair. The leech is pinned with the dorsal side facing up; this is the same as the dark green side up, the mouth facing downward, or the light green side facing downward. The leech is pinned to the tray using six pins as depicted in Figure 5 . Two pins are used to pin down the head and tail while the remaining four are used to create a box in the center of the leech body. The leech is first pinned in the tail close to the edge of the tray and then the head is pinned at the opposite side of the tray stretching the leech. The leech body is usually taut. If the leech is longer than the tray, another pin close to one of the ends is added in which an "L" shape is made with the leech, making the dissection area taut.
The remaining four pins form a box shape in the middle of the leech. This box outlines the area of the dissection and is an appropriate length to include the number of ganglia to be exposed. The area inside the box is flat and taut making it easy to create incisions in the leech. More details are found in appendix L.
Step-by-Step Dissection Process
Once the leech is pinned to a tray with the dorsal side up, the leech is ready for dissection. The incisions in the specimen are made using stainless-steel scissors and forceps. A step-by-step process is found in appendix I. The dissection is performed under the dissection microscope using 10X to 50X magnification. The incisions are made in one of two ways. The first entirely removes the outer layer enclosed in the box.
The second creates flaps that are re-pinned allowing for more muscle area within the Much like silicon based components, nerves only relay a simple message from one point in the body to another. This paper is one building block of the bridge between cellular based nerves and silicon based electrical components.
The procedures built upon the techniques described in this paper may be used to verify the outcome of research in other disciplines. Growing nerves in a laboratory is cutting edge, but without tests to confirm their functionality they will never be practical
for human use. Before tested on humans, the techniques in this paper give the ability to test and confirm that the experimental nerves function properly. Plum, Td mechanosensory, responds to touch on dorsal third of skin P1 potato, Pd mechanosensory, responds to pressing on dorsal skin P2 potato, Pv mechanosensory, responds to pressing on ventral skin N1 cuke, Nv mechanosensory, responds to noxious stimuli on skin, innervates peripheral HO cells N2 SF, Nd mechanosensory, responds to noxious stimuli on skin and gut R Retzius, Kz effects mucus release, swimming, relaxation of longitudinal muscles; contains 5-hydroxytryptamine (5-HT) S (Unpaired) interneuron contribes to shortening and swim initiation; "giant" axon in Rohde's fiber Table 2 (cont'). Ganglion cell index.
Appendix I:
Step-by-step procures for dissection of a ganglia (first method: removal of tissue)
Leech Preparation 1) 1 -3 leeches in a beaker of water -use water from holding container -fill beaker 1/3 full and cover 2) Add alcohol, 2 -3 tea spoons Locating the Ganglia 1) Dab a paper towel to remove excess blood from inside the leech 2) Locate the thin-long black line running laterally down the leech 3) Locate round bulges along the black line -these house the ganglia -3 -4 are located in a 1 -1½ inch section 4) Remove the sheath from around the ganglia -sheath is black and fibrous -ganglia is opaque -puncture only the sheath, with forceps, near the edge -hold ganglia with other forceps -pull sheath away from the ganglia -repeat this step until ganglia is fully visible
